Objectives: To quantitatively assess improvement in acne scarring after a series of nonablative laser treatments and to determine efficacy at 1-, 3-, and 6-month follow-up after treatment.
A
TROPHIC ACNE SCARS ARE often permanent sequelae of inflammatory acne. Because of the significant cosmetic burden of these scars, patients frequently seek medical treatment. Acne scars can be revised through a variety of techniques, including dermabrasion, punch-excision techniques, deep chemical peels, and ablative laser resurfacing. [1] [2] [3] [4] [5] [6] [7] Ablative resurfacing with the carbon dioxide or erbium laser results in destruction of the epidermis followed by reepithelialization with collagen remodeling. This method is typically associated with significant recovery time and can be accompanied by prolonged postoperative erythema, which can persist for months. [1] [2] [3] 6, 7 In addition, ablative laser resurfacing can result in significant and often permanent pigmentary alterations. [1] [2] [3] 6, 7 Recently, nonablative lasers, light sources, and radiofrequency devices have been used to selectively deliver thermal energy to the upper dermis, inducing a controlled wound healing response in the papillary and upper reticular dermis without epidermal damage. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Histologic studies have confirmed production and deposition of new collagen after thermal damage induced by nonablative laser treatments. 10, 14, 18 Although previous studies have shown that nonablative laser treatments result in qualitative improvements in facial rhytids and scars, there has been an inherent difficulty in quantifying the effects of nonablative resurfacing. [9] [10] [11] [14] [15] [16] 23 Clinical and photographic assessments are subjective and often operator dependent. Thus, a new method was developed using a white-light, noncontacting optical profiler (Phaseshift Rapid In Vivo Mea- surement of Skin [PRIMOS]; GF Messtechnik, Tetlow, Germany) that projects a striped pattern onto the skin surface. Minute differences in surface elevation result in deflection of the parallel stripes from their reference position, which is recorded by a high-resolution digital camera (Figure 1) and is used to calculate a point cloud based on x, y, and z coordinates. The image is acquired in less than 100 milliseconds, minimizing noise disturbance caused by normal skin movement. Using a triangulation technique combined with an interferometric technique, the optical profiling imaging system can capture more than 1 million data points in less than 100 milliseconds, delivering a height resolution of approximately 2 µm. The point cloud is visualized with specially written software (IDL; Research Systems Inc, Boulder, Colo) that generates an accurate 3-dimensional model of the skin surface. These surfaces are suitable for quantitating topographic changes such as in the extent of acne scarring or rhytids. 21 In this study, we used multiple treatment sessions with the 1064-nm Q-switched Nd:YAG laser for the treatment of atrophic acne scars and quantified the effect by using the optical profiling imaging system and data analysis.
METHODS
Eleven patients (8 women, 3 men; ages, 28-50 years; skin phototypes, I-III) with mild to moderate atrophic acne scarring were included in the study after informed consent was obtained. A total of 13 sites were treated. Patients with a history of isotretinoin use, filler substance injection, or dermabrasion within the previous year were excluded from the study, as were patients with facial tattoos or permanent makeup.
Each patient received laser treatment of the entire face by a single operator (P.M.F.). A 1064-nm Q-switched Nd:YAG laser (Medlite IV; Continuum, Santa Clara, Calif) was used with an average fluence of 3.4 J/cm 2 , a 6-mm spot size, a 4-to 6-nanosecond pulse duration, and a repetition rate of 10 Hz. Overlapping pulses were delivered until the immediate treatment end point of mild to moderate erythema was achieved. A total of 5 treatments at 3-week intervals were administered.
Objective evaluation of the severity of acne scarring was performed in vivo with the optical profiling imaging system at baseline, after 3 treatment sessions, and at 1, 3, and 6 months after the fifth treatment session. Subjects were positioned in a head restraint for the baseline image. To ensure reproducibility between the images, the baseline image was recalled at half-intensity. The subject's head position was adjusted until it was directly aligned with the baseline image before image capture. Point cloud data were uploaded into the software (RAPIDFORM; INUS Technology Inc, Seoul, Korea), permitting follow-up images to be accurately aligned with the baseline images. The images were registered and trimmed and the difference from a reference plane was calculated as the arithmetic average of the absolute values of all points in the profile (roughness analysis [Ra]). Skin Ra was quantified by means of standard International Organization of Standardization algorithms embedded in the optical profiling analysis software.
The investigator's evaluation of erythema and pinpoint petechiae and the patients' subjective evaluation of pain were graded on an arbitrary 3-point scale: 1, mild; 2, moderate; and 3, severe. If necessary, a topical anesthetic (EMLA cream; Astra USA, Westborough, Mass) was applied 1 hour before laser treatment. Statistical analysis was performed with the paired, 2-tailed t test.
RESULTS
Results were obtained from a total of 13 treatment sites in 11 patients at baseline. Follow-up data were completed for 12 sites after 3 treatment sessions, and for 11 sites at 1, 3, and 6 months after the fifth treatment session. A slight but not significant reduction in Ra was noted at midtreatment, which corresponded to 1 month after the third treatment (from baseline of 60 to 54 µm). Significant reduction in Ra from baseline was seen as early as 1 month after the fifth laser treatment session (from 60 to 46 µm; PϽ.001) (Figure 2) . Further significant reductions in Ra occurred between the 1-month and 3-month follow-up (P=.003), and the 1-month and 6-month evaluations after the fifth treatment session (PϽ.001) (Figure 2 ). Although additional reductions in Ra occurred between the 3-and 6-month follow-up, this difference was not statistically different. Overall, there were significant improvements in Ra score both from baseline and from the 1-month follow-up to the final 6-month follow-up evaluation after the fifth treatment session (Figure 2) . The 8.9% improvement in Ra was not significant at midtreatment. However, significant improvements of 23.3% in skin roughness were observed 1 month after the fifth treatment (PՅ.01), which increased to 31.6% at 3 months (PՅ.01) and to 39.2% at 6 months (PՅ.01) (Figure 3) . Figure 4 demonstrates a clear improvement in the surface topography seen at baseline compared with that seen at 6 months after the last treatment visit. Figure 5 shows the corresponding clinical image at baseline and 6 months after the last treatment visit. Images were from the left cheek of a male patient, adjacent to the nasolabial fold. Pretreatment and posttreatment images were registered before deviation analysis; therefore, measurements accurately assess changes in the anatomic field. The total change measured in this patient was an improvement of 26%.
Overall, patients had only mild to moderate pain, with an average rating of 1.5 on a 3-point scale. Only 2 patients required topical anesthesia before treatment. The only adverse effects noted were transient, mild to moderate erythema (average, 1.9 on a 3-point scale) and mild pinpoint petechiae (average, 1.1 on a 3-point scale). No dyspigmentation or scarring was seen in any patient.
COMMENT
Nonablative lasers such as the 585-nm pulsed dye, 1064-nm Q-switched Nd:YAG, 1320-nm Nd:YAG, 1450-nm diode, and 1540-nm erbium:glass lasers, as well as intense pulsed light sources and radiofrequency devices, have been shown to provide qualitative improvements in facial rhytids and scars. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Most of these systems combine epidermal surface cooling with long wavelengths that allow for penetration into the dermis, resulting in selective dermal thermal injury with preservation of the overlying epidermis. Although all of these systems provide qualitative improvements in rhytids or acne scarring, quantitative improvements have been difficult to demonstrate.
In this study, after 5 treatments with the 1064-nm, Qswitched Nd:YAG laser, significant qualitative and quantitative improvements in facial acne scars were demonstrated. Although a trend toward improvements in acne scarring was noted at midtreatment, these changes were not statistically significant. Significant improvement was seen as early as 1 month after the fifth treatment session, with the greatest percentage of improvements noted at 3 months after the last treatment. Thereafter, improvements were noted to plateau by the 6-month evaluation. The continued improvements we and others have observed several months after the last nonablative laser treatment session suggest that continued long-term dermal remodeling occurs even after cessation of actual laser treatment. 17, 24, 25 Histologically, mild dermal fibrosis and decrease in solar elastosis with thickening of the papillary dermal collagen have been noted after treatment with the 1064-nm Q-switched Nd:YAG laser. 10, 14 These changes are similar to but of a lesser degree than the dermal wound healing response that occurs after ablative laser treatment with the carbon dioxide laser. 3, 5 Since new collagen synthesis occurs, the results are expected to be longlasting, compared with short-term improvements that are seen with filler substances. This study is also the first, to our knowledge, to quantitatively measure changes in acne scars after nonablative laser treatment with the 1064-nm Q-switched Nd:YAG laser. Previously, quantifying acne scarring and changes in acne scars after laser treatment had been particularly difficult. Initial methods for determining improvement in acne scarring used optical profilometry with the use of silicone rubber replicas to capture skin topography. 25 The measurements obtained by this technique were highly variable and operator dependent. However, in this study, we used the 3-dimensional optical profiling skin measurement device to obtain rapid and in vivo quantitative assessment of improvements in acne scarring. This method provides real-time, objective analysis of the skin surface with minimal noise interference. Nevertheless, minimal positional changes can influence the angle of the light projected onto the surface, potentially leading to variability in baseline and follow-up images. The system enables the user to call up the original image at half intensity and fit the present surface to the original image, ensuring accurate alignment. Furthermore, the ability to digitally register the baseline and follow-up images enables accurate quantification of the change occurring in a precise anatomic location, providing reproducible measurements of changes in surface topography that correlate with clinical changes. 21, 24 Because of the length of the trial, other factors may have contributed to the changes observed, such as weight gain or changes in tissue perfusion. These conditions are frequently overlooked in trial design but should be considered in the future because of the improvement in the method to quantify structural surface changes.
In conclusion, this study demonstrated that the 1064-nm Nd:YAG laser provides a safe and effective noninvasive treatment for mild to moderate facial acne scarring. The results are long lasting and continue well beyond the last treatment, indicating ongoing collagen remodeling after completion of the laser treatment sessions. Nonablative treatment with the 1064-nm Qswitched Nd:YAG laser offers significant advantages to patients in terms of its minimal recovery period and mini- mal risk of infectious and pigmentary complications. In addition to documenting the therapeutic effectiveness of nonablative laser treatment in this patient population, we have developed a method that will enable future studies to accurately measure subtle changes occurring in precise 3-dimensional, anatomic locations. . High-resolution 3-dimensional images obtained with the optical profiling imaging system illustrating improvements in skin surface topography corresponding to improvement in skin roughness from baseline to the 6-month follow-up. Color-surface topographic images correspond to variations in height in the z plane. The gray color is the zero value while colors going to blue and red represent negative and positive deviations, respectively. The total change or improvement measured in this patient from baseline to the 6-month follow-up was 26%.
Baseline 6 mo After Treatment Figure 5 . Clinical image from a male patient showing the left cheek adjacent to the nasolabial fold at baseline and 6 months after the fifth treatment session. The total change measured in this patient was 26%.
